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Rapid Assessment of Ocean Environment Aided by New 
Shipboard STD Digitizer-Computer Interface 
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As part of the new M FS Marine 
Resources Monitoring Assessment a nd 
Predictio n (MARMAP) Pro g ra m , 
oceanographers are sea rching fo r ke y 
measurement to ass ist them in pro vid ­
ing forecasts of the fisheries . One prob­
lem confronting these ocea nogra phers 
is the rapid. acc urate assessment of the 
ocean environme nt. 

A recent deve lopment of interest is 
the linking of a Ples~ey nvironmental 
Systems STD (sa linit y- temperature ­
depth) data acquis ition system to a Digi­
tal Equipment Corporatio n PDP-8 
computer! aboard the 1\1F ort h­
west Fisheries Ce nter's RV George B . 
Kele~. Thi invo lves insta ll ation of a 
digitizer-interface unit and has been 
accom plished a nd field-te ted by 
personnel of the enter's Oceanog­
raphy Program. Because thi unit may 
become tandard equipment aboard 

MFS researc h vesse l , a com plete 
description is pre ented here . 

Since the origin of reversing water 
bottle , salinity and temperature mea-
urements at depth have been obtained 

by positioning severa l of these bottle 
(w ith prec ision revers ing thermometers 
attac hed) along a ca bl e a t various 
depths in the ocean. Di sc rete water 
sam ple s thus obtained we re ana lyzed 
for salin ity by chemical titratio ns or, 
more recent ly, by electronic (labora­
tory) salinometers. The deta il s in the 
temperature and sa linit y s tructure with 
depth depended upon the number of 
N a nse n bottle s used. This t im e­
consuming method has recent ly been 
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supplemented by electronic ~en,>or'> at­
tac hed to co ndu tor cab l e~ which, a\ 
the y a re lowe red into the ,>ea, give con­
tinuous a na log graphical trace'> of the 
termperature a nd ,>alinity profiles vs 
d e pth o n recorder,> in the ves<,e l' " 
labo ra tory. 

Thi s a na log '>y'>tem pro ide,> a .i'>ual 
display w hich a ll ows ocea nographer'> to 
easi ly locate a nd follow discrete strata 
orocean fro nt'> ,,,hi h may influence the 
di s tributi o n ~ of the pl a nkto n or fi ... h . 

nfortuna tely. the time and per ... on nel 
a . ai lable for acc ura te a na lyses of data 
during field opera tions is usually limited 
and the e '\ traction a nd co rrec tion of 
spec ific \ a lues ofte mperature a nd a lin­
ity from the se graphs are not o nl y time 
co n uming and laborious but limit the 
a na lyses which may be done a t ea. 

onversion of the a na log ... ignal to digi­
tal format a nd proce s ing them by com­
puter eliminates ma nua l proce . si ng a nd 
permit additional a na ly e uch a field 
of de n ity and geoqrophic ocean cur­
rent s. Our method of digiti z ing the 
s igna l fro m the Plessey nvironmen tal 
System's Model 9006 or 9040 T O and 
interfac ing the un it with a PD P-8 com­
puter is de sc ribed below. 

DESCRIPTION OF HARDWARE 
A ND FUNCTION 

Hardware List 

T he hardwa re syste m (Figures I a nd 
2) co n i t s of : ( I) t he bas ic un it as 
pu rc ha ed from Pie se y En viro nmenta l 
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y'>lem'> Model 9006 TO ~ystem 
including the underwater ~en ors. 
single conductor I H025 able. winch, 
deck unit with the three channel 
discrimina tors. and the a nalog graphic 
recorder : (2) the digitiLer-mterface 
including three Hewlett-Pac kard Model 
5326 electronic counters. three 
27-channel interc nnecting cable. a 
Digita l Input ubs ys tem Type 0 0, 
and a un Ijunction tra n i tor ( JT) clock 
of our de ign : and (3) a Digita l Equip-
ment orporation PDP- computer 
with R35 telet ype a nd 0 tape 55 
for peripheral data input-output equip­
ment. 

STD Sampl ing System and 
Analog Graphic Record 

the underwater T O unit i low­
ered lowly at a peed of 30 or 60 mlmin 
to a depth of 1500 m. data are prod uced 
in a n ana log mode in the follow ing man­
ner. The en or imu ltaneou Iy pro­
d uce freque ncy modulated (fm) igna ls 
which are linearly pro port io na l to a lin­
it y, te mperatu re . a nd de pth ove r the re-
pective ra nge 4995 to 790 1 H z = 25 to 

35 %0 , 2 127 to 4 193 H z = - 2.0 to 30°C, 
a nd 97 12 to I 1288H z = 0 to 1500 m. 
The e fm igna ls are mixed a nd tran -
mitte d th ro ug h the s ingle -conductor 
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Figure 1.-Block diagram of STD-compuler on-line data acquisition and processing system aboard RV George B 
Kelez, October 1971. 

cable to the deck unit where the y a re 
se parated by discriminators into two 
branche : a 10 mv dc level or an analog 
fm . The former drive the X" X2 , Y 
recorder , which produce the graphic 
re ult s, and the latter is sent to the com­
puter through a digiti ze r/interface un it. 

Digitizer and Data Timer 

Three Hewle tt-Packanl electronic 
counter (Mode15326 ) with B 0 (bi­
nary coded decimal, 1-2--+-8) output op­
tion 003 and a JT c lock digitize. bi 

Figure 2.-Laboratory arrangement aboard the RV George B Kelez showing C. Bartlett, electronics technician, 
operating PDP-S computer which is a component of the STD computer-on-line data acqu isition and processing 
system. 
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(F-tgure 3) applle ... a + 'i \ to thl.' \ -h 

a'>'>emblj of each counter to Inhlhlt 
them from counting riming in the c loc !.. 
i, contro lled by a re'>lq.tnce-c<l pacitlll 
Ltrl .. uit In \\hlch the \oltage butlJ up 
unt tl the unljunctlon (2"'-+X9) tr<ln'l tor 
fire., . Thi., di.,charge ... the L,lpac ltl1r dnd 
the proce" " repeateJ .tutomdtlc.tll ) <It 
a rate \\ hlch " aUJu ... tdhle h<!l\\ el.'n ~­
anu :0 m ... ec . The unlJunetion lire ,I 
,econJ tran".,tor (2"'- '139'1) \\ hil.' h pull 
the output of the cloL!" lrom ..- \ til (I \. 
thu,> relea ing the Inhibtl 1(lr .I t led t :! 
/1'" ,tnU ,tllo\\ tng the countl.' r til tdrt 
counting imultanl.'ou,l ) rh l.' md -
Imum lime to Ll)unl IO() c}de I 10 
m ... ecforuepth . 2.'1m I.'Cfll l .tlln iti.,Ind 
-+ m ec for temper,lturl.' . \t th l.' end of 
each count the u.lt a num he r I t red 
,lnu helu tn the bulTer II I the ClHlnter dnd 
a pnnt command ( ~\ It rm -+ , 01 the 
B 0 plug) i i lI t:J ILl.' the time for 
the temperature Cllllr t II al\\a\ be 
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sen . Data manip ul ations fo ll owing each 
print command a re softwa re contro ll ed . 

Digital Input Interface 

A Digita l Equipme nt Corporation 
Digita l Input Subsys te m type DS80 in­
terfaces the digiti ze r and the compu ter. 
It a ll ows software inte rrogatio n and 
co ntrol of digit s prod uced by the count­
ers. Twenty-seven pa ra ll e l wires come 
fro m each co un te r ; the re are four lines 
fo r eac h of the s ix digit s pl u a print 
co mmand , inhibit , and gro und wire. A 
list of wire connec tions, betwee n the 50 
pins of the BC D co nnector plug on the 
back of the co unte r and the DS80 input 
s lot-A, and rewiring of the DS80 slot-A 
pins to s lot- B pin s are shown in T a ble I . 
In the OS80, T!. of the 96 poss ible co n­
tact inputs are used. These a re di vided 
into six, 12 bit data wo rd s; word s I and 0 
are temperature, words 3 and 2 are sa lin­
ity, and words 5 and 4 are de pth . T his 
completes the hardwa re data link to the 
computer. Four inpu t/o utpu t transfer 
(lOT) instructions provide acce s o f 
any data word to the acc umulator of the 
computer by software contro l. 

Computer, Software, and Output 

The compute r system is a Digita l 
Equipment Corporation 12 bit PDP-8 
wit h 4K of co re memory a nd two 
peripheral uni ts, a TU 55 dua l trans po rt 
DECtape, and an ASR 35 Te letype 
which provides data storage and output 
on magnetic tape, punc hed pa pe r tape, 
and paper printout. T he essentia l fea­
tures of the software program w hich 
was written in asse mbl y language a re 
the fo llowing. Prior to lower ing th e 
ST D unit , the max imum de pth . a de pth 
printout (i.e., 2, 5, o r 10 m, etc.), and a 
depth sampl ing wi ndow aro und the de-

ired depth are se lec ted (i.e., ± 1,2, o r 5 
m, etc.). Every 300 msec during lowe r­
ing the print co mmand fro m the tempe r­
ature counte r inte rrupts the co mpute r. 
T he program the n reads the s ix data 
word and sto res them in sa linit y te m­
perature , and de pth buffers o f the core 
memory pro vided the c urre nt sampl e is 

+ 5 v 
r--------.-------.----------eA2 

sl ot B- 32 
30 0 n. 

~--------.. B2 
slot B - 32 

~------~-------L----------e C2 
sl ot B- 32 

Figure 3.- Diagram (top) 01 Un ijunction 
Transistor Clock (UJT) designed by C.J. 
Bartlett who is shown (bottom) adjusting 
th e time con stant which is variable be· 
tween 75 and 750 msec. Clock is used lor 
an external electron ic control to initiate 
period counts on three counters simul­
taneously_ 

UJT CLOCK SCHEMATIC 

within o ne of the prese lec ted de pth 
window. Lowe ring speed is manua ll y 
contro ll ed to provide a minimum of 7 
and a maximum of 127 va lue in eac h 
buffer. Whe n the sensors get be low the 
de pth window. pre lim inary process ing 
is perfo rmed on these data; fo r greater 
e ffec tive ne ss in obta inin g rea l ti me 
data, corrections due to ca libratio n and 
gradient erro rs are added automatica ll y. 
C onve rsions are made from BC D to oc­
ta l number , t hen fro m time uni ts to e n­
gineering uni ts. Va lues a re smoo thed by 
a 3 po int smoothing ro utine , sa lin ity 
va lues a re cO ITec ted fo r erro rs d ue to 
s low te mperatu re co mpe nsat ion in the r­
mal gradie nts, zero offset correc tions 
determined fo r eac h se nso r by fie ld 
ca li brati ons are add ed , and the fin a l co r­
rec ted va lues nea rest the desired depth 
are stored in ano the r bu ffe r. T he initi a l 
buffe r is re used fo r the samples in the 
next de pth window, and temperature 
and sa linit y va lues at the des ired de pth 
in terva l a re o utput on the te letype from 
the fi na l buffe r whe n the cast de pth is 
reac hed . Fo llowing the typing the sa me 
data are sto red o n the D ECta pe . The 
fina l produc ts of thi s initia l co mpute r 
program a re the refo re cl ata in the form 
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of an ana log trace and digiti zed va lues at 
se lected meter in terva ls s tored o n 
magnet ic tape, punched pa pe r ta pe , and 
pa per pri ntout. 

TEST RESULTS 

Fro m 15 Oc tobe r to 2 Nove mber 
197 1, 23 te st lowerings were made a nd 
ro utine data we re obta ined at 32 statio ns 
off the coa sts of Was hingto n and Briti sh 
Co lumbia with the new yste m. The 
senso rs we re lowered at a speed of 30 
m/min fro m the s Ulface to a depth of300 
m; speed was inc reased to 60 m/min 
fro m 300 to 1500 m. Of prima ry inte rest 
is the ag ree me nt betwee n the com­
pute ri zed data and data obta ined from 
sta nd ard revers ing wate r bo ttle s. 

Senso rs we re ca librated by lowering 
them to a de pth whe re the gra phic trace 
indicated tempe rature and sa linit y va l­
ues we re uniform over seve ra l meters . 
T hen a multibott1e sampler attached to 
the wire within 3m of the en ors was 
e lec tronica ll y actuated to obta in a water 
sample and readings off two reve rsing 
the rmo mete rs from the layer. This pro­
cedure was re peated at seve ral different 



Table 1.-Wlring list for counter to 0580 input cables and internal pin to pin wiring added to 0580. 

WIring for 8CD 
DS80 Internal wIring 

plug on counlers 

Temperature Salinity Depth 

------------------- -------------
Counter 8CD 8CD Input Input Input 

digit weight output Slot,-Pln, Slot,-Pln, Slot'-Pln, Slot,.PIn, Slo!,·Pm, Slot,..P,n, 
Pin No 

105 8 37 A32 - A2 832 - E2 A30- A2 826 - E2 A28 - A2 820 E2 
4 36 A32 - 82 832 - J2 A30 - 82 826 - J2 A28 - 82 820 - J2 
2 12 A32 - C2 832 - N2 A30 - C2 826 - N2 A28 - C2 820 - N2 
1 11 A32 - D2 832 - S2 A30 - D2 826 - S2 A28 - D2 820 - 52 

10' 8 35 A32 - E2 831 - E2 A30 - E2 825 - E2 A28 - E2 819 - E2 
4 34 A32 - F2 831 - J2 A30 - F2 825 - J2 A28 - F2 819 - J2 
2 10 A32 - H2 831 - N2 A30 - H2 825 - N2 A28 - H2 819 - N2 
1 9 A32 - J2 831 - S2 A30 - J2 825 - S2 A28 - J2 819 S2 

103 8 33 A32 - K2 830 - E2 A30 - K2 824 - E2 A28 - K2 818 - E2 
4 32 A32 - L2 830 - J2 A30 - L2 824 - J2 A28 - L2 818 - J2 
2 8 A32 - M2 830 - N2 A30 - M2 824 - N2 A28- M2 818 - N2 
1 7 A32 - N2 830 - S2 A30 - N2 824 - S2 A28 - N2 818 - S2 

10' 8 31 A32 - P2 829 - E2 A30 - P2 823 - E2 A28 - P2 817 - E2 
4 30 A32 - R2 829 - J2 A30 - R2 823 - J2 A28 - R2 817 -J2 
2 6 A32 - S2 829 - N2 A30 - S2 823 - N2 A28 - S2 817- N2 

5 A32 - T2 829 - S2 A30 - T2 823 - S2 A28 - T2 817 - S2 
Print Command 48 A32 - U2 832 - U2 
Inhibit 22 A32 - V2 832 - 82 A30 - V2 832 - 82 A28 - V2 832 - 82 
10' 8 29 A31 - A2 828 - E2 A29 - A2 822 - E2 A27 - A2 816- E2 

4 28 A31 - 82 828 - J2 A29 - 82 822 - J2 A27 - 82 816 - J2 
2 4 A31 - C2 828 - N2 A29 - C2 822 - N2 A27 - C2 816 - N2 
1 3 A31 - D2 828 - S2 A29 - D2 822 - S2 A27 - D2 816 - 52 

10· 8 27 A31 - E2 827 - E2 A29 - E2 821 - E2 A27 - E2 815- E2 
4 26 A31 - F2 827 - J2 A29 - F2 821 - J2 A27 - F2 815-J2 
2 2 A31 - H2 827 - N2 A29 - H2 821 - N2 A27 - H2 815 - N2 

1 A31 - J2 827 - S2 A29 - J2 821 - S2 A27 - J2 815 - 52 
Ground 50 A31 - K2 831 - C2 A29 - K2 829 - C2 A27 - K2 827 - C2 

-----------------------------------------------------
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Figure 4.-Comparison of STO-computer produced 
data with simultaneous data Irom Nansen bonles The 
plots of computer corrections vs depth show that the 
precision of the data from the shipboard system com­
pares favorably within a factor of 2 to 3 around the 
standard accuracy ranges expected from Nansen bot· 
tie data. 



Figure 5.-Surface geostrophic currents computed 
from salinity , temperature, and depth data collected 
during October test cruise. This illustration shows one 
way of presenting the environmental information for 
analysis for later comparison with fisheries data. 
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depths when weather condition were 54 N 
good, and at least one ca libration point 
was obtained at each station throughout 
the crui e to detec t any shift in ca libra-
tion with de pth or any change with ti me. 5: N 
Wate r samples were analyzed a boa rd 
for sa linit y by prec is ion laborato ry 
sa lino me te rs, and the rmometers we re 
co r rec ted b y s ta nd a rd te c hniqu es. SO N 
Compari son of computed data with data 
from wate r bo ttles and reve r ing the r­
mometer a t the calibration po int indi-
cated a c lose agreeme nt of tempe rature 48 N 
values within a bo ut ± O. 02°C , of a linit y 
values within abo ut ± O.OI Ofon , and of 
depth va lues within about ± 1% (F igure 45 N 
4). This is quite an acce pta ble e rror 
especia lly co nsidering that thi me thod 
of com pa ri on assumes no e rro r in the 
data from reve rs ing wate r bo ttl es which 44 N 
may norma lly be ex pec ted to vary a t 
best ±.OI °C,±.003 %0 , and ± .5% . 
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In view of the success of thi s syste m 
which pro vides ra pid, accurate STD 
data , othe r se nsor such a d is o lved 
oxygen will also be in terfaced to the 
co mp uter. Late r in the tota l MA RM A P 
o pera tion a l mode, va riou dev ices 
whic h meas ure che mical nutrie nts, wa-

42 N ~====================:±l 42 N 
142 W 138 W 134 W 130 W 125 W 122 W 

ter fluorescence , light inte ns it y, surface 
a linit y, and urface te mpe rature imul­

taneou Iy while the ve e l i underway 

will provide marine scienti with a 
rather complete picture of environmen­
ta l conditions. 
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